Background and Aims: Hepatitis C virus (HCV) hepatotropism is associated with intra-peripheral blood mononuclear cell (PBMC) infection that causes post-treatment relapse in RNA seronegative patients. Our understanding of the association of non-viremic hepatic fibrosis with positive anti-HCV IgG antibodies and active hepatocellular damage might be increased by PBMCs screening for intracellular infection. Thus, the goals of this study included evaluation of PBMCs PCR for diagnosing HCV infection, addressing PBMCs plus serum realtime (SRT) PCR benefits over SRT-PCR alone, studying intraPBMCs distribution of RNA sense and antisense strands, and identifying treatment feasibility in solitary intracellular infection. Methods: Enzyme-linked immunosorbent assay, SRT-PCR and PBMCs PCR were used to evaluate HCV infection in 401 subjects. The patients were classified into groups of negative controls (n = 30), positive controls (n = 63), nonviremia post-treatment (experienced; n = 166) and naïve (n = 49) cases, and non-viremia positive PBMCs PCR naïve (n = 35) and experienced (n = 58) patients. Results: The diagnosis of true positive and negative by PBMCs PCR and SRT-PCR had 100% and 96.7% compatibility respectively. PBMCs PCR detected intracellular HCV infection in 49 out of 215 non-viremia patients; among them, naïve cirrhotics had significantly higher number of intracellular infection than the naïve non-cirrhotic (p < 0.001) and experienced patients (p < 0.0001). Antisense and sense strands were respectively recognized in naïve and experienced cases (p = 0.01218). Intracellular HCV strands were detected in 18.02% of experienced patients. Recognition of intracellular RNA strands showed significant decline in experienced compared to naïve patients (p < 0.05). Conclusion: PBMCs PCR is a valid diagnostic test that can diagnose intracellular HCV when SRT-PCR is negative. Antisense and sense strands are respectively recognized more often in naïve and experienced patients. The expected overall relapsing rate in our cohort was 18.02%. Intra-PBMC infections are associated with liver cirrhosis in naïve
Introduction
Eradication of hepatitis C virus (HCV) infection is the goal of the direct-acting antivirals (DAAs), which otherwise would not be achieved by viremic clearance at the end of treatment. Serum real-time (SRT)-PCR has been used to monitor viremia and to evaluate HCV treatment efficacy over time, but information about status of intracellular HCV replication cannot be provided by SRT-PCR. Replication of genomic HCV-RNA inside peripheral blood mononuclear cells (PBMCs) has been confirmed 1 and, in some cases, may be followed by viremia after serologic clearance. 2 Therefore, dual testing for HCV by SRT-PCR and PBMCs PCR is expected to be more informative regarding concordant clearance of viral RNA from both serum and cells.
HCV is not a strictly a hepatotropic viral pathogen. [3] [4] [5] [6] The evidence of extrahepatic HCV replication by detection of RNA strands and viral proteins were shown in PBMCs [7] [8] [9] [10] [11] and bone marrow, 12 in addition to the central nervous system. 13, 14 All patients with positive HCV SRT-PCR are also positive on PBMCs PCR. However, some patients with positive PBMCs PCR may have negative SRT-PCR. 15 Follow-up of treatmentexperienced HCV patients who presented with negative SRT-PCR and positive intra-PBMCs strand infection revealed HCV RNA seroconversion within 1 year. 2 It was also reported that post-treatment persistence of intracellular HCV RNA antisense strand is a predictor of relapse. 16 The outcome of intracellular HCV RNA strands in treatmentnaïve patients who presented with negative SRT-PCR has not been fully elucidated. However, post-treatment relapse of HCV infection may become eminent when recolonization of PBMCs, with either sense or antisense RNA genomic strands, occurs. Cryptogenic occult HCV infection (OCI) is defined by the absence of serum RNA and IgG antibodies, and the presence of genomic RNA strand(s) in PBMCs. Prevalence of OCI is around 3.3% in the healthy population. [17] [18] [19] The increasing clinical demands for evaluating spontaneous and post-treatment HCV cure rates strongly argue for the need to assess cellular HCV and to determine its clinical significance. Hence, this study was designed to test for HCV by PBMCs PCR and to determine its clinical significance.
Aims of the current study a) Evaluation of PBMCs PCR plus SRT-PCR as a diagnostic tool in delineating HCV infection as compared to the gold standard SRT-PCR test alone; b) Addressing the benefits of RNA detection inside PBMCs over SRT-PCR in recognizing HCV infection; c) Studying intra-PBMCs distribution of HCV sense and antisense RNA strands in untreated naive and post treatment-experienced patients; and d) Identifying treatment feasibility for patients who present with solitary intra-PBMCs HCV infection.
Methods

Study subjects
Ethical committee approval (Registration No. 10231) was obtained before the current study was initiated. Inclusion criteria for study participation were: age between 18 and 70 years-old; signing consent at the infectious diseases outpatient clinic (between January 2015 and September 2016); and conformity to the below-mentioned specifications of Egyptians in each of the four groups. Exclusion criteria included hepatocellular carcinoma, Child C status, and non-compliance to the antiviral therapy regimen. Sample size in each group depended upon availability of subjects that fit the inclusion criteria during a certain period of time. The 401 subjects were classified into 4 groups as summarized below in Table 1 .
HCV IgG antibody detection by enzyme-linked immunosorbent assay (ELISA)
The third-generation ELISA assay was used as a preliminary screening test to identify cases for enrollment in the current study. This test contained reconfigured core and NS3 antigens and, in addition, a newly incorporated antigen from the NS5 region. The procedure was performed as described. 20 Quantification of HCV RNA using real-time PCR Specimen collection and transport. Blood samples (5-10 mL) were withdrawn with standard specimen collection artus HCV RG RT-PCR Kit tubes (red cap). Whole blood was separated into plasma and cellular components by centrifugation for 20 minutes at 800-1600 3 g within 6 hours of collection. A total of 200 mL of whole blood cells were transferred to a sterile polypropylene tube for PBMC studies, and the plasma was transferred into another sterile polypropylene tube. The blood samples were shipped cooled (2 to 8 8C) and the separated plasma was transported frozen (−15 to -30 8C).
RNA isolation and SRT-PCR. The QIAamp DSP Virus Kit (Cat. No. 60704; Qiagen) is validated for viral RNA purification from human plasma for use with the artus HCV RG RT-PCR Kit. The SRT-PCR was carried out after a reverse transcription step. RNA was extracted from 200 mL of plasma with the QIAamp Viral RNA Kit (Qiagen), eluted in 60 mL and stored at −80 8C. RNA (4 mL) was incubated with 1 pmol of an HCV 5NC primer RC21 for 8 minutes at 70 8C and 5 minutes at 4 8C. RNA template was then reverse transcribed at 60 8C for 1 hour with 7.5 U of Thermoscript TM Reverse Transcriptase, 20 U of RNaseOut, 10 mM DTT, 1 mM deoxyribonucleotide and cDNA buffer (50 mM Tris acetate pH 8.4, 75 mM potassium acetate, 8 mM magnesium acetate) (GibcoBRL Life Technologies) in a final volume of 10 mL. A denaturation step was performed at 95 8C for 5 minutes and was followed by a RNaseH treatment with 1 U of E. coli RNaseH (GibcoBRL Life Technologies) at 37 8C for 20 minutes. cDNA was stored at −20 8C. The primers RC1 (5′-GTCTAGCCATGGCGTTAGTA-3′) and RC21 (5′-CTCCCGGGGCACTCGCAAGC-3′) were designed to amplify a 220 bp fragment within the 5′ non-coding region of the HCV genome.
Internal control. An internal control (Hep.C Virus RG IC) was used both to control the RNA isolation procedure and to check for possible PCR inhibition. For this application, adding the internal control to the isolation at a ratio of 0.1 mL per 1 mL elution volume was performed. For example, using the QIAamp DSP Virus Kit (Qiagen), the RNA was eluted in 60 mL Elution Buffer (AVE). Hence, 6 mL of the internal control should be added initially.
Quantification. The enclosed quantification standard (Hep.C Virus RG QS1-4) was treated as the previously purified samples and the same volume was used (20 mL). To generate a standard curve on Rotor-Gene Q Instruments, all 4 quantitation standards were used. The quantitation standard values are reported as IU/mL. The following equation was applied to convert the values determined using the standard curve into IU/mL of sample material:
Result ðIU=mLÞ ¼ Result ðIU=mLÞ 3 Elution Volume ðmLÞ Sample Volume ðmLÞ
The initial sample volume was entered into the equation above, considering changes in sample volume. 21 and subsequently modified 22,23 was followed for the RNA extraction.
Retrotranscription-PCR of genomic and antigenomic strands of HCV RNA. Detection of HCV RNA strands in PBMCs was carried out as described by Lohr et al. 24 in 1995. Briefly, the reaction mixture (50 mL) contained 400 ng of cellular RNA, RT-PCR bead (HVD), 50 pmol from each of the primers (1CH, P2 and 2CH) for amplification of the genomic strand, or 50 pmol from P2 and 75 pmol from 2CH for antigenomic strand and 20 U of AMV reverse transcriptase. The mixture was incubated at 42 8C for 1 hour and denatured for 15 minutes at 94 8C. Amplification of cDNA was performed in a thermal cycler for 30 cycles (94 8C 3 1 minute, 55 8C 3 1 minute, and 72 8C 3 1 minute). Nested PCR amplification was similar to the first-round PCR except for using 10 mL from the first PCR and two nested primers (P3 and P4) and 2 U Taq DNA polymerase. To assure specificity of the assay two controls were employed: C1, ddw instead of RNA in the cDNA synthesis reaction to exclude RNA contamination; C2, PCR step with only F1 or R1 to exclude mixed primer contamination. In all conditions, the two controls provided negative amplification; special attention was paid to heat inactivate the reverse transcriptase at 95 8C for 1 hour in order to reduce false detection of the antigenomic strand before adding the forward strand. Primer sequences used included below in Table 2 .
Medicine administration
The anti-HCV drugs were administered according to guidelines regarding doses, routes of administration, and duration of therapy. The antiviral therapeutic regimens included: 1) sofosbuvir at 400 mg + ladepasvir at 90 mg once daily for 24 weeks; 2) sofosbuvir at 400 mg + weight-based ribavirin daily for 24 weeks; 3) sofosbuvir at 400 mg + daclatasvir at 60 mg + weight-based ribavirin daily for 12 weeks; 4) sofosbuvir at 400 mg + simeprevir at 150 mg daily for 12 weeks; 5) sofosbuvir at 400 mg + ribavirin at 800 mg daily + peginterferon alfa 2b1 at 5 mg/kg weekly for 12 weeks.
Statistical analysis
A proposed diagnostic procedure (PBMCs PCR) was compared to the gold standard test (SRT-PCR) in this case-control study that contained four groups of selected cases. All available cases, which fulfilled the inclusion criteria, were included during the 21 consequent month period. The statistical parameters of the proposed test were studied. Data analysis was performed using SSPS version 9.0 for Windows. Normality and homoscedasticity of continuous variables were tested by the Kolmogorov-Smirnov and Levene's tests, respectively. The mean was compared by using the Student's t test (for variables with normal distribution) or the Mann-Whitney U test (for variables with non-normal distribution). Categorical variables were compared using the chi-squared or Fisher's exact tests. Pearson's (for variables with Gaussian distribution) or Spearman's (for non-normally distributed variables) correlation coefficients were determined to study the existence of correlation between the variables. All tests performed were two-sided and statistical significance was considered at a p value of 0.05.
Results
Matching of PBMCs HCV PCR
As demonstrated in Table 3 , all of the 63 (100%) HCVinfected patients who were diagnosed by SRT-PCR had sense and anti-sense strands in their PBMCs. The same Table 5 . The results show that the antisense strand is more detectable in naïve (18/35, 51.43%) than in post-treatment patients (16/58, 27.59%; p = 0.01218). The RNA sense strand was more detectable in post-treatment than in naïve patients (42/58, 72.41% vs. 17/35, 48.57%; p = 0.01218).
Solitary sense strand was more frequently detected in experienced patients as compared to naïve patients (p > 0.05). Solitary antisense strand was more frequently detected in naïve patients as compared to experienced patients (p < 0.5). Evaluation of HCV treatment on the basis of intracellular strands' detection in absence of detectable serum RNA Table 6 demonstrates results for the total 215 patients in group IV. All were screened by nested PCR for detection of intra-PBMCs HCV sense and antisense strands. We found that 30 out of 166 (18.02%) experienced patients, compared to 19 out of 49 (38.78%) naïve cases, had intracellular infection (p = 0.00197), despite absence of HCV-RNA in their sera.
In the same table, experienced patients are classified according to treatment regimens. The sense and antisense RNA strands were almost equally distributed within PBMCs in the PCR-positive cases for each regimen (p > 0.05), except for the sofosbuvir + ribavirin regimen which had more antisense than sense strands (p = 0.0281). As illustrated in Table 7 The experienced patients in most regimens studied had significantly decreased intracellular solitary HCV RNA antisense and sense strands, compared to naïve cases (p < 0.05). This finding validated the treatment of those who presented with negative SRT but positive PBMCs PCR with any of the above-mentioned regimens except for the Sofo + Riba regimen for antisense strand and the INF-containing regimens for sense strand.
Discussion
Most of the study subjects (n = 371), except for the negative controls (n = 30), tested positive for anti-HCV IgG antibodies at baseline, and all of them (n = 401) were subjected to serum and PBMCs HCV PCR. The 100% sensitivity and 96.7% specificity found for the PBMCs PCR validated this test as a potential diagnostic tool for HCV infection. These results are in full agreement with previous reports. 15 The 3.3% of negative subjects who tested positive by PBMCs PCR might be considered cryptogenic OCI as previously reported by other investigators. [17] [18] [19] Recognition of OCI by detecting HCV strands within PBMCs has an extra advantage of cellular over SRT-PCR. The current results indicated that all SRT-PCR-positive patients had both HCV RNA strands within PBMCs. However, elimination of serum viremia does not exclude intra-PBMCs infection. These findings support the recommendation of the use of both SRT-PCR and PBMCs PCR during follow-up of HCV treatment and during validation of the SVR, because intracellular actively-replicating HCV genomes are confirmed. 1, 25, 26 Occasionally, naïve cirrhotic and non-cirrhotic patients test negative by SRT-PCR, despite high anti-HCV IgG antibody titer and a positive PBMCs PCR. Evidence that supports treatment of solitary intracellular HCV infection in both naïve cirrhotic and experienced cases who presented with active hepatocellular damage are insufficient. Establishment of a clinically applied HCV PCR test, which recognizes the dormant intracellular RNA genomic materials, would add tremendous benefits in management of cirrhotic naïve cases, post-treatment potential relapsers, and OCI cases who have negative SRT-PCR.
Our results are compatible with the previously reported data 15 regarding confirmation of HCV diagnosis by PBMCs PCR in the absence of viremia. The presence of anti-HCV IgG antibodies without viremia will not be helpful in predicting the actual etiology that led to post-hepatitis cirrhosis. Identification of HCV RNA inside cells in the above-mentioned situation, however, will confirm post-HCV liver cirrhosis, particularly in naïve patients. So, our study concluded for the first time that elimination of intracellular HCV strands might lead to prevention of high prevalence of post-hepatitis cirrhosis, even in the absence of viremia. Post-treatment persistence of overt intracellular HCV infection is related to the serologic relapse that can occur over time. 2 Considering the advantage of higher efficacy of the new DAAs for treating HCV, eradication of intracellular infection might help in reducing and/or preventing both HCV liver cirrhosis and relapse. Regarding response to anti-HCV treatment regimens, the experienced patients in our study showed a significant reduction of intracellular HCV infection as compared to both naïve cirrhotic and naïve asymptomatic patients (p = 0.00197). This finding sheds more light on the objectives of therapeutic values of DAAs in achieving SVR.
The antiviral drugs evaluated in this study succeeded in elimination of the HCV antisense strand, but they showed significantly weaker effects on the sense strand. The pathophysiological impact of this finding is not fully understood; however, it might reflect the favorable effects of each antiviral regimen. Regardless, the recognition of negative strand in PBMCs before treatment may be suggested as a potential marker of good treatment response, while detection of negative strand at the end of therapy is a predictor of relapse. 16 Our findings are supported by results from a small-scale study that evaluated sofosbuvir + ladipasvir treatment outcomes, in which 14 out of 75 negative viremia patients (18.7%) tested positive for intra-PBMCs HCV sense strand at the end of 6 months of therapy. Moreover, 9 out of these 14 (64.29%) showed seroconversion of HCV RNA after 3 months (unpublished data). Most naïve cirrhotic patients who present with intra-PBMCs HCV sense strand infection, in the absence of antisense strand as well as of viremia, have actual hepatocellular damage, as indicated by impaired liver function (clinical observations). It would be predicted then that solitary presence of HCV RNA sense strand is associated with active hepatic tissue damage. It would not, however, be easy to knock-out solitary RNA sense strands from the infected cells because DAAs act mainly on the replication complex.
Exposure of intracellular HCV RNA strands to the stress of antivirals is associated with disappearance of the antisense strand that leads to interruption of the virus life cycle. Concordant clearance of cellular HCV RNA strands and whole virus particles from serum is a promising sign of SVR, while intra-PBMCs reappearance or non-responding antisense HCV RNA strand to antiviral therapy is a predictor of relapse. Post-treatment persistence of HCV RNA strands might be ominous because of relapse probability, the necessity of further exposure to treatment, and the inevitable hepatic fibrosis activity. In the present study, the efficacy of using DAAs in eradication of intracellular HCV sense and antisense strands was obvious in experienced cases, compared to naïve patients. Thus, our study strongly recommends treatment of naïve cirrhotic patients who have intra-PBMCs HCV strands infection and present with negative SRT-PCR. Also, OCI cases who present with only intracellular infection might be considered suitable candidates for treatment with DAAs upon recognition of the comorbid liver cirrhosis and impaired liver functions. The benefits of treating these groups are not restricted to prevention of post-treatment relapse, but include elimination of the sequelae that result from intracellular harboring of RNA strands in individuals who present with negative SRT-PCR. The improved sensitivity of HCV PBMCs PCR over SRT-PCR mandates the use of both tests at baseline and during follow-up in naïve cases and experienced patients who present with positive anti-HCV IgG-antibodies and negative SRT-PCR respectively. Our study determined that HCV patients who were treated with the sofosbuvir + ribavirin regimen are more liable to relapse, likely because of post-treatment persistence of the antisense strand. 16 So eradication of both HCV RNA strands is almost equally accomplished by any of the evaluated therapeutic regimens with the exception of sofosbuvir + ribavirin.
To our knowledge, this is the first report that declares the following conclusions: a) HCV PBMCs PCR is a valid diagnostic test that has the major advantage of diagnosing intracellular infection when SRT-PCR is negative. b) HCV antisense strands are detected more often in naïve patients and sense stands are detected more often in post-treatment patients. c) The overall expected relapse rate for the current treatment regimens is 18.02%, d) Intracellular infection of PBMCs is associated with post-HCV liver cirrhosis in naïve patients who show positivity for serum anti-HCV IgG-antibodies but negative results by SRT-PCR. e) Eradication of intracellular HCV antisense and sense strands is recommended to prohibit sequelae of RNA seroconversion.
